Histologic brain sections from 107 rats reported to have granular cell tumors or meningiomas in 2-year carcinogenicity studies conducted by the National Toxicology Program (NTP) or the National Cancer Institute (NCI) were reexamined microscopically. There were 62 rats with granular cell tumors, 26 with benign meningiomas, and 19 with meningeal sarcomas. Granular cell tumors were compatible with previous descriptions of this tumor. Meningeal sarcomas were subclassified into nine spindle cell sarcomas and ten fibrosarcomas. Among the rats with benign meningiomas, five were typical meningiomas (three fibroblastic meningiomas, and two meningothelial meningiomas) and 2 1 were meningothelial meningiomas containing cells with granules identical to those in granular cell tumors. There was a transition from epithelial-like cells of the meningothelial meningiomas to granular cells in these 2 1 cases. Based upon anatomic location, cytomorphologic similarities, and the occurrence of transitional or mixed forms of meningothelial meningiomas and granular cell tumors, it is suggested that these two tumors are related and may both originate from a common progenitor meningothelial arachnoid cell.
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Spontaneously occurring granular cell tumors have been reported in the rat. 24, [9] [10] [11] [12] 20, 26 With the exception of three separate reports of granular cell tumors in the retroperitoneal cavity,2 pituitary gland,26 and trigeminal nerve,lO these tumors in rats are located in or adjacent to the meninges of the cranial cavity. 3,4,9J1J2,20 Granular cell tumors in humans are found in the tongue,21,22 skin,21 soft tissues,24 breast,Z1Sz2 digestive organs,6 and brain.I3 These occur more frequently in the tongue and are rare in other organs and tissues. 21, 22 On the basis of morphologic and immunohistochemical studies using S-100 protein as a marker of Schwann cells and peripheral nerve myelin proteins, granular cell tumors in humans have been suggested to be derived from Schwann cells.IJ6 There have been two reports in which the term "granular cell meningioma" was used for these granular cell tumors in rats because of their anatomic location."J4 Recently, negative results have been obtained in the immunohistochemical studies on rat granular cell tumors using S-100 protein and glial fibrillary acid protein (specific for astroc y t e~) .~~,~~ However, the histogenesis of the rat granular cell tumors is still unknown.
To study the origin of the granular cell tumor in rats, we reexamined hematoxylin and eosin-stained sections of brain from 107 rats with diagnoses of meningioma or granular cell tumor in carcinogenicity studies conducted by the National Toxicology Program (NTP) or the National Cancer Institute (NCI). This reexamination showed that many benign meningiomas con-tained cells with eosinophilic granules similar to those described in granular cell tumors. The present report presents morphologic evidence that the granular cell tumor of the meninges in rats may be a variant of the meningothelial meningioma.
Materials and Methods
Records from 323 chemical carcinogenicity studies conducted between 1972 and May 1985 by the National Toxicology Program (NTP) or National Cancer Institute (NCI) showed that among 1,3 11 rats with brain tumors, 166 rats had granular cell tumors or meningiomas. Histologic sections stained with hematoxylin and eosin (HE) and in a few instances (nine cases) also stained with periodic acid-Schiff (PAS) from 107 of the 166 rats were obtained from the NTP Archives for microscopic review. The remaining 59 cases were either missing, unsuitable for microscopic examination, or misdiagnosed. The 107 rats with granular cell tumors or meningiomas consisted of 67 males and 40 females representing several rat strains or stocks (Table 1) . These rats were either untreated, gavage controls, or treated rats from 2-year carcinogenicity studies of 62 chemicals. The majority were dosed feed or gavage studies in which the rats were housed five per cage in polycarbonate cages with hardwood bedding. Animals were fed Purina Lab Chow or NIH 07 Open Formula diet and water ad libitum and environmental conditions included ambient temperature of 23 k 2 C, relative humidity of 50 f 5%, and a 12-hour light-dark cycle. Five to 7-week-old rats were studied, and all survivors were killed for histopathologic examination after 104 weeks. In these 62 studies, there were no increased incidences of brain tumors, and thus none of the tumors reexamined were attributable to treatment. In addition to reexamining slides, the location and size of each tumor was determined from archive records.
Results
Of the 107 rats reported to have meningiomas or granular cell tumors, there were 26 benign meningiomas, 62 granular cell tumors, and 19 meningeal sarcomas ( Table 2 ). The granular cell tumors were typical of those previously Among the 26 benign meningiomas, 2 1 were meningiomas with varying numbers of eosinophilic granular cells identical to those in granular cell tumors. The five benign meningiomas were typical of those described for rats'' and humans19 and were subclassified as three fibroblastic meningiomas and two meningothelial meningiomas. There were two subtypes of meningeal sarcomas: eight spindle cell sarcomas and nine fibrosarcomas. All benign meningiomas and granular cell tumors were within or continuous with the meningeal layers and were nonencapsulated but sharply demarcated from adjacent brain tissue. The 19 meningeal sarcomas were in contact with the meninges and invaded the brain parenchyma.
The three fibroblastic meningiomas were comprised of small elongated cells with pale eosinophilic fibrillar cytoplasm, elongated nuclei, and reticulated nuclear chromatin and resembled fibroblasts. The neoplastic cells formed irregular patterns or closely interwoven bundles with varying amounts of anisotropic collagen separating individual cells. In one tumor in an Osborne-Mendel rat, the neoplastic cells were frequently arranged in concentric whorls around blood vessels (Figs. 1, 2) .
The two meningothelial meningiomas were characterized by a lobulated arrangement of solid masses containing two types of cells ( Figs. 3, 4) . Fibrous stroma was confined to the areas between lobules. The predominant cell type was epithelial-like and sometimes elongated with abundant, homogeneous, eosinophilic cytoplasm and a large, vesicular, round to oval nucleus with one or two prominent nucleoli. These cells usually had distinct cell borders and were arranged in parallel rows. The second cell type was elongated with sparce cytoplasm, indistinct cell borders, and a small oval or elongated nucleus with dense chromatin.
General morphologic features of the 21 neoplasms classified as benign meningiomas with granular cells (Fig. 5 ) were similar to those of the meningothelial meningioma. Small, discrete, eosinophilic cytoplasmic granules were seen in large epithelial-like cells, especially in the peripheral portions of the lobules formed by these tumors. In four of these tumors in which periodic acid-Schiff (PAS) stains were available, these eosinophilic cytoplasmic granules were PAS-positive (Figs. 6, 7) . Similar cytoplasmic granules were occasionally present in the second cell type, viz., the small, elongated cell with dense nuclear chromatin. The majority of meningothelial cells in central portions of the lobules did not contain cytoplasmic granules. Neoplastic cells that were intermediate between agranular meningothelial cells and larger granular cells typical of granular cell tumors were seen in most of these 21 neoplasms (Fig. 8) .
The 62 neoplasms classified as granular cell tumors were composed of sheets or nests of closely packed, polygonal or elongated cells (Figs. 9, 10) and contained a small amount of collagen. As in the meningothelial meningiomas, there were two cell types in these tumors. The predominant cells were polygonal cells with large vesicular nuclei. These tumor cells had pink, finely to coarsely granular cytoplasm, and usually distinct cytoplasmic boundaries. Based upon examinations of five available special stains on original sections, the Fig. 4 . Higher magnification of Fig. 3 showing two cell types. Epithelial-like cells have abundant cytoplasm and large vesicular nuclei while small cells have sparse cytoplasm and small dense nuclei. HE. cytoplasmic granules were PAS-positive ( Fig. 1 1) . The less predominant tumor cell type had a small, oval, hyperchromatic nucleus. These cells with small, dense nuclei had scanty cytoplasm often containing PASpositive granules.
Of the 19 meningeal sarcomas, nine were subclassified as spindle cell sarcomas and ten as fibrosarcomas. The primary distinction between the two subtypes of meningeal sarcomas was based on the degree of cellular differentiation of the component cells. Spindle cell sarcomas were comprised of relatively undifferentiated cells with coarse nuclear chromatin and paucity of intercellular collagen while fibrosarcomas had less coarse nuclear chromatin, eosinophilic fibrillary cytoplasm, and definite presence of intercellular collagen confirmed by polariscopy. Neoplastic cells in both subtypes were arranged in bundles with irregular or interlacing patterns (Figs. 12, 13 ). Spindle cell sarcomas were composed of poorly differentiated, elongated cells with sparce, basophilic cytoplasm and elongated nuclei with coarse chromatin and distinct nucleoli (Fig. 14) . Mitotic figures were frequent, and mature collagen was brum. Meningeal sarcomas were seen in all portions of the brain except the temporal, occipital, and basilar portions of the cerebrum. Eight of 19 (42%) meningeal sarcomas were in the lateral portion of the cerebellum.
Meningeal neoplasms grouped into size categories are listed in Table 4 . The neoplasms were approximately spherical. Measurements represent maximum diameters based on gross observations and histologic sections. In general, granular cell tumors and benign meningiomas were smaller than meningeal sarcomas (P < 0.00 1). The largest tumors (one meningioma with granular cells, four granular cell tumors, and three meningeal sarcomas) were 10 mm in diameter. The majority of benign meningiomas were less than 3 mm in diameter while most meningeal sarcomas were 6 mm or larger. Approximately half of the granular cell tumors were greater than 3 mm while nine small granular cell tumors were less than 1 mm.
Discussion
Spontaneous granular cell t~m~r~~,~,~,~ and m e n i n g i o m a~~,~J~*~~ in the brain have been reported in aging rats, and this general nomenclature has been widely used in long-term toxicity and carcinogenicity studies. Benign meningiomas in humans are generally subclassified into five types: meningotheliomatous (syncytial), transitional, fibroblastic, psammomatous, and angiobla~tic.'~ The fundamental cell of origin for these human tumors is considered to be the meningothelial arachnoid cell. Two subclassifications of benign meningiomas, viz., meningothelial (syncytial) and fibroblastic, have been described in rats.I7 Morphologic features of these two types of rat meningiomas are similar to those in our cases.
Published reports describe granular cell tumors in rats as being predominantly composed of large, pleomorphic cells with abundant cytoplasm filled with fine to coarse eosinophilic granules and large vesicular nuclei containing small n~c l e o l i .~,~,~J~,~~ Small cells with scanty agranular cytoplasm and small, dense nuclei have been described as a less common cell type in rat granular cell turn or^.^ This latter cell is considered to be a precursor of the predominant large cell with abundant granular cytopla~m.~ We found both large and small cell types in all the granular cell tumors diagnosed. In addition to the large and small cell types noted above, another small cell containing cytoplasmic granules and a small, dense nucleus was seen.
No published description of human or animal meningiomas with eosinophilic granular cells identical to those in granular cell tumors was found, with the possible exception of two reports in which granular cell tumors in rats were classified as granular cell mening i~m a s .~~J~ In our series of meningothelial meningiomas with granular cells, the eosinophilic granules were usually present in the large epithelial-like cells, but were also seen occasionally in some of the small elongated cells with dense nuclear chromatin. Nuclear morphologic features in the granular cell tumors were also similar to those in the meningothelial meningiomas. In addition, the anatomic distribution in the brain of the meningiomas with granular cells was similar to that of the granular cell tumors. These observations suggest that meningothelial meningiomas and granular cell tumors in rats are closely related and both may arise from a common progenitor cell, possibly a meningo- Fig. 15 . Higher magnification of Fig. 1 3. Fibrosarcoma consisting of elongated cells with eosinophilic filbrillar cytoplasm and large elongated nuclei with reticulated chromatin, and numerous collagen fibers. HE. Fig. 16 . Fibrosarcoma in ventral cerebellum composed of pleomorphic fibroblasts and multinucleated cells. thelial arachnoid cell. Our findings also strongly support the previous reports in which the term of granular cell meningioma was used for the granular cell tumor of the cranial cavity in rats.I1J4 The possible origin of granular cells from Schwann cells has been suggested from morphologic study of a retroperitoneal Schwannoma in a rat.* On the other hand, in an immunohistochemical study of granular cell tumors in rats using S-100 and glial fibrillary acid proteins as markers, granular cells did not stain with either marker.' 1, 23 This implies that the cell of origin of the granular cell tumor in the rat brain is neither the Schwann cell nor the astrocyte. However, the total significance of the lack of S-100 reactivity in rat granular cell tumors must await further work. It is noteworthy that endocardia1 Schwannomas in the Fischer 344 rat have positive S-100 reactivity (H. A. Solleveld, personal communication) .
The question arises as to whether meningiomas with granular cells should be recognized as a transition in a possible progression from the meningothelial meningioma to the granular cell tumor. This speculation is based on the many meningiomas with granular cells found with cell variants which were intermediate between agranular epithelial-like cells of meningothelial meningiomas and granular cells typical of granular cell tumors. In addition, 18 of 21 (86%) rats with meningiomas with granular cells had neoplasms 3 mm or less in diameter while, in almost half of the rats with granular cell tumors, the tumor size was greater than 3 mm. This supports the contention that the meningothelial meningioma may be an earlier stage in the growth of the granular cell tumor. Also, this latter finding may reflect variations in multipotential differentiation of neoplasms arising from a progenitor meningothelial arachnoid cell with a differential growth advantage that is associated with granular cell differentiation.
Although observations support the contention that granular cell tumors and meningothelial meningiomas are related, it is also apparent that there are relatively pure (non-transitional) forms of each neoplasm. The five agranular benign meningiomas were similar in size to meningiomas with granular cells. One fibroblastic meningioma was 6 mm in diameter. There were nine granular cell tumors, all less than I mm in diameter, that did not contain meningothelial cells without granules, suggesting that these nine tumors may not have arisen by transition from a meningioma. Because these nine small granular cell tumors were localized within the meninges, the probability of a progenitor meningothelial arachnoid cell seems plausible.
While the presence of abundant lysosomes accounts for the granularity in both humanzz and rat3JL granular cell tumors, the site of predilection of rat granular cell tumors in the meninges is unique. The predilection sites of granular cell tumors are the tongue in humans21x22 and and the lung in Only rare cases of meningeal granular cell tumors have been documented in humansL3 and dogs.'* Meningeal sarcomas in 19 cases were subclassified into fibrosarcomas and spindle cell sarcomas. Similar fibrosarcomas are reported to occur spontaneously in ratsLs and are considered to represent malignant transformation of fibroblasts in the connective tissue of the meninges. Spindle cell sarcomas were poorly differentiated and are classified as meningeal sarcomas based upon anatomic proximity or contact with the meninges. The spontaneous incidence of meningeal sarcomas is low. In carcinogenicity studies of the National Toxicology Program and National Cancer Institute reviewed, the incidence of meningeal sarcomas relative to total brain tumors was 1.5% (19/1,252) . Cytoplasmic granules were not seen in these malignant tumors. 
